Background: Most surgeries are done on a day-stay basis. Recovery assessment by phone points (RAPP) is a smartphonebased application (app) to evaluate patients after day surgery. The aim of this study was to estimate the cost-effectiveness of using RAPP for follow-up on postoperative recovery compared with standard care. Methods: This study was a prospective parallel single-blind multicentre randomized controlled trial. Participants were randomly allocated to the intervention group using RAPP or the control group receiving standard care. A cost-effectiveness analysis was performed based on individual data and included costs for the intervention, health effect [quality-adjusted life-years (QALYs)], and costs or savings in health-care use. Results: The mean cost for health-care consumption during 2 weeks after surgery was estimated at e37.29 for the intervention group and e60.96 for the control group. The mean difference was e23.66 (99% confidence interval À46.57 to À 0.76; P¼0.008). When including the costs of the intervention, the cost-effectiveness analysis showed net savings of e4.77 per patient in favour of the intervention. No difference in QALYs gained was seen between the groups (P¼0.75). The probability of the intervention being cost-effective was 71%. Conclusions: This study shows that RAPP can be cost-effective but had no effect on QALY. RAPP can be a cost-effective tool in providing low-cost health-care contacts and in systematically assessing the quality of postoperative recovery. Clinical trial registration: NCT02492191.
follow-up after discharge vary. Some departments provide a follow-up telephone call during the first postoperative days; others involve the patient's general practitioner. However, many day-surgery departments lack a routine for follow-up. 6 In Sweden, 81% of the population has access to a smartphone. 7 Recovery assessment by phone points (RAPP) is a smartphone application (app) for assessing postoperative recovery. RAPP includes the Swedish Web version of the Quality of Recovery (SwQoR) questionnaire and the yes/no question: 'Do you want to be contacted by a nurse?'. 8 9 It has been demonstrated that daysurgery patients find it hard to get in contact with the caregiver, and using RAPP for follow-up gives patients a sense of security and is an easy way of getting in contact with the caregiver. 9 Our study hypothesis was that using RAPP for follow-up is cost-effective. The aim of this study was to estimate the costeffectiveness of RAPP for follow-up on recovery after day surgery compared with standard care.
Methods
This study was a prospective, multicentre parallel randomized controlled trial. The primary outcome was cost-effectiveness of RAPP use. A cost-effectiveness analysis was performed from a health-care perspective, using individual data. 10 The analysis considered costs for the stakeholders of RAPP, the health effect, and costs or savings in health-care use. Gained quality-adjusted life-years (QALYs) were used to calculate the health effect.
Procedure and intervention
The study was conducted from October 2015 to July 2016 at four day-surgery departments in Sweden, was approved by the regional ethical review board in Uppsala, Sweden (reference number 2015/262), and registered with the US National Institutes of Health Clinical Trials Registry (NCT02492191). It was conducted in accordance with the study protocol. 5 Inclusion criteria were as follows: undergoing day surgery; >17 yr of age; access to a smartphone; and ability to understand spoken and written Swedish. Exclusion criteria were as follows: visual impairment; alcohol or drug abuse, or both; cognitive impairment; and undergoing surgical abortion.
A research nurse at each of the four day-surgery departments was responsible for participant inclusion. Information about the study was provided both in writing and verbally to all participants, and signed informed consent was obtained before data collection. Participants were randomly allocated to the intervention (RAPP for follow-up after day surgery) or control group. Both groups received the same perioperative care that was standard at each day-surgery unit, which also included information about where to call if there were concerns or questions after discharge. All participants were instructed to contact the Swedish 24 h telephone helpline if they had questions or concerns out of office hours. Participants were advised to contact the local hospital emergency department if needing emergency care. No changes for follow-up appointments after the surgery were made in either of the groups.
Randomization was done using sealed envelopes with computer-generated randomization allocation. The study was single-blinded, in that investigators performing the analysis were blinded to group allocation. The intervention group answered the RAPP daily for 14 days after surgery. This was guided by an earlier study evaluating the feasibility and acceptability of using RAPP after day surgery, in which the patients reported that follow-up for 7 days was too short; instead, they wanted to use RAPP for at least 9 days after surgery. 9 Participants in the intervention group requesting to be contacted were called within 24 h (weekdays) by a registered nurse (RN) from the department where the surgery had been performed. The app was installed on the participants' smartphones, and participants were trained in app use before discharge.
Data collection regarding quality of life was performed before surgery and on postoperative day 14 using the Short Form-Six Dimensions (SF-6D) instrument. 11 Study-specific yes/no questions (n¼5) regarding number of and reasons for all surgery-related health-care contacts with primary care, the emergency department, Sweden's 24 h helpline, outpatients, via the RAPP (intervention group only), and 'other' were collected on postoperative day 14. A 14 day follow-up was chosen because the majority of care contacts have been reported to be made in the first 2 weeks after day surgery. 12 Patient characteristic data, including sex, age, ASA class, type/length of surgery, and type of anaesthesia, were collected from the medical records.
Sample size
To our knowledge, this type of intervention has not previously been tested. Therefore, the sample size was guided by QALY weights in patients with asymptomatic gallstone disease (weight 0.76) and patients with a surgical scar (0.79). 13 Sample size calculation was based on the assumption of detecting a difference of 0.03 in QALY weights between the groups (intervention group 0.79 vs controls 0.76), with an a or (two-sided) type I error of 0.01 and a power of 0.90, indicating a sample size of 477 participants per group. Taking dropouts into account, the sample size was estimated at 1000 participants. 5 
Health economic evaluation
Description of costs The analysis considered costs associated with the intervention (RAPP) and the cost of health-care contacts after discharge. Costs associated with RAPP included the application software, licence, Web administrator interface, data storage, security and IT support (obtained from RAPP AB according to business plan), and time the RN spent downloading, handling data, and instructing the participant on app use (procured from the accounting department at the included hospitals). Costs for health-care contacts were obtained from the KPP database (Swedish patient cost database), cost per NordDRG 2016 (Scandinavian diagnosis-related group system), weight (calculated from KPP data), the Swedish 24h helpline, 1177 and price lists from Region Ö rebro County, Region Jönkö ping County, and Dalarna County Council. Costs for the RNs' time for follow-up calls initiated via RAPP were procured from the accounting department, as described above. The prices are valid for 2016. All cost estimates included social fees and overheads and were converted from Swedish krona (SEK) to euros using an approximate exchange rate of 9.40 SEK¼e1 (February 2016 rate).
14 The cost-effectiveness analysis (CEA) included only
Editor's key points
• Patient evaluation tools should lead to better quality health care, and this should be cost-effective.
• Convenient and repeated measurement of patient recovery can enhance a sense of recovery after surgery.
• This study found that a smartphone-based application measuring quality of recovery was cost-effective.
unplanned post-surgery health-care contacts related to the surgery and anaesthesia. A planned health-care contact is one that the patient is informed about before discharge, such as appointments for taking out stitches, physiotherapy, and planned follow-up with the physician or RN. The categorization of reported health-care contacts was performed individually by one member of the research team (K.D.) and a researcher (not part of the team) with experience in postoperative recovery and day surgery. Both were blinded to group allocation.
Description of health effects
Quality-adjusted life-year weights were derived from QoL measured with the SF-6D. This instrument is used for describing and valuing individuals' health and generating a preference-based index score suitable for a CEA using SF-36 questionnaire scores. 11 The SF-36 acute version was used in this study.
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The SF-6D contains 11 items from the SF-36 and represents the following six dimensions: physical functioning; role limitation; social functioning; bodily pain; mental health; and vitality. 11 18 Gained QALYs were calculated from the difference in QoL between the intervention group and the controls before surgery and on postoperative day 14, and were calculated as follows:
[(SF-6D postoperative day 14 minus SF-6D preoperative)Â2/52]. The SF-6D has previously been tested for its ability to measure changes in QoL during postoperative recovery after colorectal surgery 19 and carpal tunnel syndrome surgery.
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Cost-effectiveness There were no differences in QALY between the groups, and therefore QALYs were not included in the CEA. The CEA was therefore performed as a cost minimization analysis, including net costs/savings for the intervention group compared with those for the control group. A ratio was calculated for the intervention group compared with the control group.
Intention to treat
A modified intention-to-treat (ITT) principle was used; participants were analysed in the groups to which they were allocated, and single imputation was performed for missing answers in returned questionnaires. 21 Missing SF-6D answers were imputed using stochastic regression imputation on item level, and missing answers regarding health-care contacts were considered as no contact (¼0). In the sensitivity analyses, two further analyses were conducted: complete procedures and classic ITT, including all randomized participants. 21 In the classic ITT, all missing answers for SF-6D and health-care contacts were handled with stochastic regression imputation. 22 
Sensitivity analysis
We conducted sensitivity analyses. The cost minimization analysis was performed using different prices for RAPP and different approaches for handling missing data. Uncertainty related to invariance was handled with the net monetary benefit (NMB) method, 23 24 estimating probability of net savings using bootstrap. A scatter plot of 5000 bootstrapped incremental cost-effectiveness ratios was created by repeatedly drawing a random sample with replacement, using parameters estimated from the study. This produced estimates of the probability that the intervention was cost-effective. 25 
Statistical methods
Between-group differences were analysed using Student's independent-sample t-test for continuous variables, the 
Results
Altogether, 1796 patients were eligible for inclusion. Of these, 433 did not meet the inclusion criteria and 336 declined to participate, resulting in 1027 day-surgery patients who were randomized. Thirty were excluded after randomization because their operation was cancelled or they declined participation, or for technical or other reasons. Altogether, 997 participants received treatment as allocated, and 719 (72%) completed both preoperative and 14 day follow-up and were included in the analysis (Fig. 1 ). There were no significant differences between the groups regarding baseline data (Table 1) , patients lost to follow-up, and planned health contacts. The intervention group may have had marginally more unplanned health contacts numerically (non-significant difference), with 39% of contacts initiated via RAPP (Table 2) .
Intervention costs
The mean time RNs spent on downloading, app instruction, and handling data was 7 min per participant. The estimated mean cost per minute of RN time was e0.76, including social fees and overheads, giving a mean RN cost of e5.33 for RAPP handling. In the analysis, 75% of this cost was calculated (e4.00) because if used in the discharge routine, RAPP handling would take less time. Cost for the RAPP was estimated at e14.89, giving a total cost of e18.89 for RAPP use per participant in the intervention group.
Health-care costs
Mean cost per visit/contact with the physician/RN was estimated, because it was not specified whether the contact was with a physician or an RN (Table 3) . Follow-up calls, initiated via the app, lasted a mean of 6 min 23 s.
Cost-effectiveness
The difference in quality of life between the intervention group and the control group was 0.003 (CI À0.020 to 0.026; P¼0.75). The QALY gain was <0.00 (i.e. no QALY effect was found for either group on postoperative day 14). The mean cost for health-care consumption during 2 weeks after surgery was estimated at e37.29 for the intervention group and e60.96 for the controls, a mean difference of e23.66 (99% CI À46.57 to À 0.76, P¼0.008).
Results of the cost minimization analysis showed a net saving for the intervention of e4.77 per participant (Table 4 ). The probability of cost-effectiveness was found to be 71%.
Sensitivity analysis
In the sensitivity analysis, a low and a high cost for RAPP were calculated. The low cost for RAPP was estimated at e13.31 (software, e10.64; management, e2.67). The high cost for RAPP was e26.61 (software, e21.27; management, at a two times higher estimated management rate, e5.33). Probability for costeffectiveness was calculated for each net cost/saving in the matrix for sensitivity analyses (Table 5 ).
Discussion
The CEA showed net savings of e4.77 per patient but no impact on QALY for RAPP. The probability of the intervention being cost-effective was calculated to be 71%. These results indicate that introducing RAPP use for e-assessed routine follow-up after day surgery can give a slight saving in health-care cost per patient. If accounting for 400 000 day-surgery patients per year in Sweden, this would be a yearly saving of around e1.9 million based on our results. Data collected via RAPP could also be used for evaluations of cost-effectiveness of different drug treatments and care activities during anaesthesia and postoperative care. One of the secondary outcomes in the main project was to evaluate the effect of using RAPP on the quality of postoperative recovery measured by SwQoR. 5 The results show that RAPP increased quality of recovery, seen as a decrease in several postoperative symptoms, such as pain, dizziness, swelling in the surgical wound, headache, sore mouth, and sleeping difficulties, and a better general feeling of well-being and relaxation compared with the control group. 26 Adding these results together with the results from the present study indicates that RAPP seems to be a cost-effective tool to increase quality of recovery. There is only one previous study describing cost-effectiveness of an app for follow-up after day surgery. In that study, the costeffectiveness of replacing in-person visits with a mobile app follow-up after day surgery was evaluated, and the app follow-up Excluded (n =769) ♦ Not meeting inclusion criteria (n =433) (No smartphone n =338, poor swedish comprehension n =69, visual impairment n =2, alcohol or drug abuse n =4, memory impairment n =4, unknown n =16) was shown to be cost-effective. 27 It was not the aim of our study to replace in-patient visits or follow-up calls. However, the most common follow-up routine is via a telephone follow-up call on postoperative day 1 or 2 to all patients or on special occasions. 6 28 Replacing telephone follow-up with contact via RAPP would probably also be more cost-effective because the patient would receive a follow-up call only if needed and requested. In the present study, only 54 out of 342 (16%) participants in the intervention group requested a follow-up call. In our study, costs for RAPP (e14.89 for the 14 day monitoring period) are an estimated market price because RAPP is still used only in research. The cost for RAPP was based on a preliminary business model for market commercialization given an estimated cost of e1.06 per day. As a result of this preliminary estimation, a higher and a lower cost were also added in the sensitivity analysis. Nonetheless, the estimated high cost of e21.27 is more unlikely than the other two costs. Furthermore, the costs for handling RAPP (i.e. the mean time RNs spent on downloading, app instruction, and handling data) are more likely to decrease as patients get more used to the technology and downloading. To our knowledge, there are very few studies reporting costs for an app used for monitoring patients at home or reporting data, or both, that can be analysed by health care, so there is not much guidance regarding costs from previous studies. The cost for the app used after day surgery (mentioned above) was 42 Canadian dollars (CAD; approximately e30.26) per patient throughout a 30 day period; however, total health-care costs for the app follow-up were CAD 136 (approximately e97.99), which included costs to set up the health centre, support, and infrastructure. 27 In another study, reported costs for an app for self-monitoring asthma twice daily were £69
(approximately e81.48) per participant during a 6 month monitoring period. The app enabled staff to access patient data, and a nurse was alerted if bad values were reported. 29 The intervention group in our study may have had marginally more health-care contacts, but many of these were initiated via RAPP and were less expensive, giving a reduced cost for the intervention group. The hypothesis could not be confirmed with certainty in the present study. However, using RAPP in the postoperative period, enabling easy contact with the day-surgery department, might reduce expensive unplanned health-care contacts. It is possible that an early or even multiple contacts via RAPP regarding minor symptoms or concerns could prevent severe symptoms or complications in the late recovery period. Our results are in agreement with a study reporting that a mobile phone-based telemedicine follow-up that included photographing surgical wounds 30 Elsewhere, telemedicine follow-up for acute illness in older adults has been reported to reduce emergency department visits, 31 and a reduction in emergency department visits has been suggested to be a useful indicator for quality improvement. 32 No differences in gained QALYs were found when comparing the groups. It was not expected that we would find any large impact on QALYs, because the SF-6D measures physical functioning, role limitation, social functioning, bodily pain, mental health, and vitality; 11 18 dimensions not much affected by a follow-up routine. However, it was important to explore this possibility. To our knowledge, there are no similar studies reporting QALYs. Our study included yes/no questions regarding all healthcare contacts. In the returned questionnaires, 19% (139/719) had missing answers, and missing answers were more frequent in controls (23 vs 15%). To handle the uncertainty regarding missing answers and patients lost to follow-up, sensitivity analyses were conducted and based on (i) complete procedures, (ii) the assumption of missing answers¼no contact (0), and (iii) stochastic regression imputation for all missing answers in all randomized participants (classic ITT). Results for complete procedures were at variance with results obtained using imputed values. The classic ITT analysis indicated that the probability of RAPP being cost-effective was higher for all three different costs for RAPP. However, we believe that the assumption of no contact (¼0) for missing answers regarding health-care consumption is the truest value in this study. Most participants who did not complete all the health-care contact questions reported one to three health-care contacts. When including only complete questionnaires, several contacts and thereby the costs were lost; 34% in the intervention and 46% in the control group. It would be natural to assume that unanswered questions meant that the participant had no contact. Further complete questionnaire analysis should not be performed unless missing data are missing completely at random (MCAR). 21 22 Weaknesses of the study In this study, 28% (278/997) of participants were lost to follow-up, resulting in fewer participants being included than estimated in the sample size calculation (477 participants in each group). This might have affected our results; therefore, lost to follow-up was handled with classic ITT analysis using stochastic imputation. Furthermore, the classic ITT analysis regarding SF-6D showed the same results, no between-group differences in QALY gain. Lost to follow-up was higher in the intervention group, which could possibly be explained by the use of paper-based questionnaires for measuring health-care contacts and quality of life, leading to misunderstanding in answering both via the app and paper. Furthermore, data regarding health-care contacts included no information about the severity of the symptoms initiating contacts. We used an estimated market price for RAPP, as RAPP is still used only in research. Moreover, we considered health-care contacts only during the 14 day intervention. This might mean that some effects on health-care consumption persisting after postoperative day 14 were not included.
Further studies
Qualitative studies are needed to describe the experience of patients and staff while using RAPP for follow-up after day surgery. Further studies are planned for inpatient surgeries, 
Conclusion
This study suggests that RAPP seems to be cost-effective but had no effect on QALY. RAPP can be a cost-effective tool in providing low-cost health-care contacts and in assessing systematic follow-up on the quality of postoperative recovery.
